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In this thesis, I applied Cauchy-type integral-based depth-to-basement 
estimation method to a variety of models to test the reliability of the method in 
different geological scenarios. I also inverted for three-dimensional (3D) 
subsurface anomalous density distribution with constrained model parameters in 
order to produce more compact inversion results. I demonstrated several single-
block and multiple-block synthetic model results produced by constrained 3D 
gravity inversion. I also display results for Cauchy-type integral-based 3D depth-
to-basement inversion of simple/complex basin models. The results from both 
methods are nicely consistent with true models at a very low misfit level and a 
fast convergence. A case study is presented at the end of our paper for both 
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Potential field methods have been widely used to identify the physical 
properties of subsurface formations over decades due to ease of applications 
and affordability of methods, such as gravity and magnetic methods. The gravity 
method is one of the most important geophysical methods, which measures a 
difference of gravity potential on the Earth's surface. Though the gravity method 
can be used to determine the density variations within the Earth's crust, it is a 
technique that geophysicists apply to identify the depth, geometry, and density 
distribution of the anomalous structures, which helps interpreters to understand 
the geological features of the subsurface (e.g., Mariita, 2007). Furthermore, the 
gravity method has been effectively used in oil, gas, and geothermal exploration 
over more than a century. 
Generally speaking, the gravity field data are used to determine the 
anomalous density distribution of the subsurface geological structures. Due to 
attenuation effect of the gravity data with the distance from the source, and 
existence of the gravity inverse problem, the inversion results may not be 
consistent with known geology of the survey area. In some cases, the anomalous 
bodies may have sharp boundaries that separate them from the surrounding
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rocks, such as hydrocarbon (HC) reservoirs or faults. In order to reduce the 
nonuniqueness, one can use the known geological information and other known 
physical properties of the rocks to produce a more realistic result. This can be 
achieved by applying a regularization to the inverse problem solution, which 
allows us in include the a priori information in the inversion. Over decades, many 
different approaches to regularized gravity inversion were developed. For 
example, focusing regularization makes it possible to produce inversion results 
with sharp boundaries (e.g., Last and Kubik, 1983; Barbosa and Silva, 1994; 
Portniaguine and Zhdanov, 1999; Zhdanov and Tolstaya, 2004; Zhdanov, 2009). 
Another approach is based on joint inversion of multiple geophysical data sets to 
produce a  more realistic and unique result by constraining model parameters 
using the physical/mathematical relationships between different model 
parameters, for example, density and magnetic susceptibility (e.g., Fedi and 
Rapolla, 1999; Fan et al., 2008; Shamsipour et al., 2012). 
The gravity data are also used for a regional geological/geophysical study. 
For example, gravity field data can be considered to define the depth to the 
basement of the Earth’s crust. There are many publications considering this 
problem (e.g., Barbosa et al., 1997,1999a, b; Silva et al., 2001; Williams et al., 
2005; Silva et al., 2006, 2007, 2010a, b; Martin et al., 2010, 2011a, b). The 
conventional approach to providing the depth-to-basement estimate is based on 
discretization of the sedimental cover into vertical prisms with constant density 
contrast. In this case, however, the corresponding nonlinear inverse problem 
becomes computationally very expensive and its solution may require significant 
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time and computational resources. The Euler deconvolution method introduced 
by Reid et all. (1990) has been commonly used to estimate the depth to 
basement using the gravity and magnetic data. However, this method is an 
approximate one and may lead to erroneous solutions (Cai, 2014). 
Zhdanov (2002) demonstrated that the gravity field caused by the 
sediment-basement interface can be represented as a Cauchy-type surface 
integral. In the paper by Cai and Zhdanov (2015) it was clearly demonstrated that 
the Cauchy-type integral representation can be used to estimate the depth of the 
sediment-basement interface. With this approach, the solution of the problem for 
depth-to-basement estimation has become computationally less expensive than 
those using conventional volume integration methods.  
In this thesis, I develop and study a constrained reweighted regularized 
conjugate gradient method (CRRCGM) to produce a more reasonable inversion 
result than that produced by the conventional methods.  I illustrate this new 
approach by numerical modeling studies. I also apply a depth-to-basement 
estimation method based on the Cauchy-type integrals to several synthetic 
models in order to test the reliability of the developed methods in different 
geological scenarios. Finally, the developed methods are illustrated by a field 
case study, where both techniques, based on the surface (Cauchy-type) and 
volume integrals, are used in a framework of a joint interpretation. 
CHAPTER 2 
 
PHYSICS OF GRAVITY FIELD 
 
2.1. Fundamentals of Gravity Field Theory 
Here I present a mathematical description of gravity potential and gravity 
field. First, it is well known that gravity field, g, must satisfy the following 
equations (Zhdanov, 1988):  
 
 𝛻 ∙ 𝒈 = −4𝜋𝛾𝜌,     𝛻 × 𝒈 = 0, (2.1) 
 
where 𝛾 is gravitational constant (6.672𝑥10−11 𝑚3𝑘𝑔−1𝑠−2) and 𝜌 is anomalous 
density distribution within domain D. 
Generally, gravity field at point 𝑃(𝑥′, 𝑦′, 𝑧′) can be expressed as follows: 
 
 










where 𝑟′ is observation point, defined as;  𝑟′ = √𝑥′2 + 𝑦′2 + 𝑧′2. The vertical 
component of the gravity field is:
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where  |𝑟 − 𝑟′| = ((𝑥 − 𝑥′)2 + (𝑦 − 𝑦′)2 + (𝑧 − 𝑧′)2) and  𝑑𝑣 = 𝑑𝑥𝑑𝑦𝑑𝑧. 
We can present the expression (2.3) for gravity field at location (𝑥′, 𝑦′, 𝑧′) in more 
detail as follows: 
 
 𝑔𝑧(𝑥
′,  𝑦′, 𝑧′) = 
𝛾 ∭ ∆𝜌(𝑥, 𝑦, 𝑧  )
𝑧 − 𝑧′
















′,  𝑦′, 𝑧′) = 𝛾 ∭ ∆𝜌(𝑥, 𝑦, 𝑧  )𝐺𝑧(𝑥 − 𝑥
′, 𝑦 − 𝑦′, 𝑧
 
𝐷
− 𝑧′) 𝑑𝑥𝑑𝑦𝑑𝑧, 
(2.5) 
 
where 𝐺𝑧 is Green’s function for the vertical gravity field, which is defined as 
follows: 
 
 𝐺𝑧(𝑥 − 𝑥








As it is shown in Figure 1, domain D is divided into a number of small 
rectangular cells, where each cell has an anomalous density, ∆𝜌(𝑥𝑖,  𝑦𝑗 ,  𝑧𝑘). In a 
case of the point mass approximation, the gravity field observed at point 




′,  𝑦′, 𝑧′) = 








((𝑥𝑖 − 𝑥′)2 + (𝑦𝑗 − 𝑦′)
2








where ∆𝑥, ∆𝑦, and ∆𝑧 are the size of the cell in the x, y, and z directions, 
respectively. Thus, a discrete forward modeling operator for gravity field can be 
expressed in general matrix notation as follows: 
 
 𝐝 = 𝐀𝐦 (2.8) 
 
Here m is a vector of model parameters (𝑎𝑛𝑜𝑚𝑎𝑙𝑜𝑢𝑠 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 , ∆𝜌(𝑥𝑖 , 𝑦𝑗 , 𝑧𝑘)) of 
the order 𝑁𝑚, d is a vector of the observed data, 𝑔𝑧(𝑟
′), of the order 𝑁𝑑, and A is 







2.2. Cauchy-type Integral Representation 
2.2.1. Integral Representation of 2D Gravity Field 
It was demonstrated by Zhdanov (2015) that 2D potential field 𝐹 must 
satisfy the following equations: 
 
 ∇̃ ∙ 𝑭 = 𝑞,     ∇̃ × 𝑭 = 0, (2.9) 
 
where ∇̃ and q denote the operator of 2-D differentiation in the vertical plane xz, 
and the source of potential field 𝐹, respectively. According to equation (2.9) the 






































By introducing complex variable 𝜁 = 𝑥 + 𝑖𝑧, a function 𝐹(𝜁) can be defined as 
follows: 
 
 𝐹(𝜁) = −𝐹𝑥(𝑥,𝑧) + 𝑖𝐹𝑧(𝑥, 𝑧). (2.13) 
 
where 𝐹(𝜁) is called a complex intensity of a plane field. According to equation 
(2.12), 𝐹(𝜁) is an analytical function outside of the source, vanishing at infinity   


















Proceeding from the real variables to the complex ones: 
 
 𝜁 = 𝑥 + 𝑖𝑧    𝑎𝑛𝑑    𝜁∗ = 𝑥 + 𝑖𝑧 (2.15) 
 


























           (2.16) 
 
where * represents complex conjugate operation. Multiplying equation (2.10) by 





(−𝐹𝑋 + 𝑖𝐹𝑧) + 𝑖
𝜕
𝜕𝑧
















𝜓(𝜁) = 0. 
(2.19) 
 
It is shown in Zhdanov (1998) that by using Pompei formula, the solution of the 

























where 𝑆, 𝜕𝑆, and 𝜁′ are a domain, boundary, and a fixed point in domain 𝑆. For 
any function 𝜓 that is analytical in domain  𝑆, equation (2.19) is reduced to the 













By applying Pompei formula (2.20) to the system displayed In Figure 2, we obtain 


























After integration over  𝐿𝑅 and substitution of variables, 𝜁 = 𝜁

































where  𝑞(𝜁) = 0 𝑖𝑓 𝜁 ∉  Γ. 
The gravity field 𝑔 of a two-dimensional mass having a density 𝜌(𝑥, 𝑧) 
within the domain Γ satisfies equation (2.1) (Zhdanov, 1998 and 2015). 
Complex intensity of the gravity field is defined as follows: 
 
 𝑔(𝜁) = −𝑔𝑥(𝑥, 𝑧) + 𝑖𝑔𝑧(𝑥, 𝑧) (2.25) 
 
According to equation (2.18, function ) 𝑔(𝜁) satisfies to the following equation: 
 
                                        (𝜕/𝜕𝜁∗) 𝑔(𝜁) = 2𝜋𝛾𝜌,       (2.26)  
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where its solution is as follows: 
 
 









where 𝛾 is gravitational constant, and 𝜌(𝜁) is density of the source located at 
point (𝑥, 𝑧). 
 
2.2.2. Three-Dimensional Cauchy-type Integral  
In this part, I briefly discuss an application of the 3D Cauchy-type integrals 
to the solution of the inverse problem for the  depth-to-basement estimation (Cai, 
2014). It was first introduced by Zhdanov (2002) that gravity field caused by a 
sediment-basin interface can be represented using 3D Cauchy-type integrals. 
This approach makes it possible to reduce a three-dimensional (3D) inverse 
problem to a two-dimensional (2D) one, where the inverse problem is solved only 
for the depth of the sediment-basement interface.  
The gravity field caused by a 3D body D with a constant density can be 










𝑠(𝒓′, 𝒓 − 𝒓′), 
   (2.28) 
where 𝑪𝑠 is a Cauchy-type integral introduced by Zhdanov (1988) as follows: 
𝑪𝒔(𝒓′, 𝝋) = −
1
4𝜋
∬ [(𝒏 × 𝝋)∇
1
|𝑟−𝑟′|






.                  (2.29) 
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where 𝛼, 𝛽, 𝛾, 𝜂 = 𝑥, 𝑦, 𝑧, and ∆-symbol is expressed as follows: 
 
 
∆𝛼𝛽𝛾𝜂= 𝛿𝛼𝛽𝛿𝛾𝜂 + 𝛿𝛼𝜂𝛿𝛽𝛾 − 𝛿𝛼𝛾𝛿𝛽𝜂; 𝛿𝛼𝛽 == {
1, 𝛼 = 𝛽




2.3. 3D Gravity Field Based on 3D Cauchy-type Representation 
In a case of the conventional depth-to-basement estimation, the model 
domain is divided into vertical prisms, and total gravity field is calculated as a 
summation of gravity fields caused by each prism column (see Figure 3). Each 
vertical prism has 𝑑𝑥 and 𝑑𝑦 size in the x and y directions, respectively. Each 
prism has a constant density contrast value. Thus, the inversion is applied in 
order to estimate the thickness of each prism in the z-direction, which is equal 
to   |𝑧1 − 𝑧2|. Obviously, this inverse problem is ill-posed, and it may require using 
significant computational resources in order to complete this inversion due to 
integration over a 3D volume filled with the sediments.  
In 1988, a new method of the solution of geophysical forward and inverse 
problems using Cauchy-type integrals was introduced by M.S. Zhdanov. This 
method made it possible to reduce a 3D geophysical problem to the 2D one. This 
method helps to reduce the computational demand and to decrease the time 
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consumption. It also makes the problem easier to understand. Generally, the 
method assumes that gravity field on the surface above a valley or a basin is 
caused by a sediment-basement interface, which may have a constant or 
functionally decreasing (with depth) density contrast. Similar to the conventional 
method, the sediment-basement interface is divided into some cells in the x and 
y directions. Figure 4 shows that, now the problem is reduced to 2D integration of 
the surface of the interface. However, the solution of this inverse problem is still 
ill posed. 
It was presented by Cai (2014, 2015) that gravity field caused by a 
sediment-basement interface can be represented by Cauchy-type integrals. Let’s 
consider a model of a sediment-basement interface, where the density is 
constant and does not vary with depth. The surface of the sediment-basement 
interface can be described by equation 𝑧 =  ℎ(𝑥, 𝑦) − 𝐻0, where 𝐻0 is a horizontal 
reference. The gravity field caused by the sediment deposit is calculated as 
follows (Zhdanov, 1988): 
 
 𝒈(𝒓′) = 4𝜋𝐺𝜌0𝑪
𝑠(𝒓′, (𝑧 − 𝐻0)𝒅𝒛), (2.32) 
 
where 𝜌0 is a density contrast of the sediment-basement interface. It is defined 
by the following formula: 
 
𝜌0 = 𝜌𝑏 − 𝜌𝑠 > 0       (2.32) 
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where 𝜌𝑏 is basement density, 𝜌𝑠 is sediment density. Equation (2.9) is described 




′) = −𝐺𝜌0 ∬ ∆𝛼𝛽𝛾𝜂














, 𝑏𝑦(𝑥, 𝑦) =
𝜕ℎ(𝑥, 𝑦)
𝜕𝑦
, 𝑎𝑛𝑑 𝑏𝑧(𝑥, 𝑦) = 1. 
(2.35) 
 
Thus, the discrete forward modeling operator for the gravity field can be 
expressed in general matrix notations as follows: 
 
 𝒅 = 𝑨𝐶𝒎 (2.36) 
 
Here m is a vector of model parameters (𝑑𝑒𝑝𝑡ℎ − 𝑡𝑜 − 𝑏𝑎𝑠𝑒𝑚𝑒𝑛𝑡, ℎ(𝑥𝑖 , 𝑦𝑗)) of the 
order 𝑁𝑚, d is a vector of the observed data, 𝑔𝑧(𝑟
′), of the order 𝑁𝑑 , and 𝑨
𝐶 is a 
rectangular matrix of a size 𝑁𝑑 × 𝑁𝑚, formed by the corresponding Cauchy-type 





Figure 1: Discretization of domain D using rectangular cells. 
 
  
Figure 2: A plot illustrating a solution of the equation for the complex intensity of 
the potential field using the Pompei formula. 𝛤 is the domain occupied by the field 








Figure 3: Model discretization for conventional forward and inverse modelling. 
 
 
Figure 4: Discretization of the sediment-basement interface for forward and 




PRINCIPLES OF REGULIZED INVERSION OF GRAVITY DATA 
 
3.1. Inversion of Gravity Data Based on the Volume Integral Method 
In a general case, there are two major geophysical problems, forward 
modeling and inversion problems. The forward modeling can be expressed by 
computing a map of geophysical data based on some known information of the 
physical properties of the subsurface. However, in the inverse problem solution, 
one is required to find a model of subsurface physical properties that fits the 
data. A solution of the inverse problem has been used in almost all geophysical 
prospecting methods such as gravity, magnetic, seismic, and electromagnetic 
(EM) methods to find the geologically and mathematically meaningful causative 
structures within the Earth’s crust. 
Similar to other methods, it is well known that the gravity inverse problem 
is an ill-posed problem due to instability and nonuniquenes of the inversion 
solution (Zhdanov, 2002). For example, a gravity field observed on the surface of 
the Earth can be computer simulated using a number of the density models 
beneath the Earth’s surface. That is, the gravity inverse problem is nonunique. It 
was thought that there was no a solution to such a problem until the time of the 
famous Russian mathematician Tikhonov (Zhdanov, 2002). After his theory 
18 
(regularization method), even an ill-posed inverse problem can be made a well-
posed problem.  
In addition to the theoretical part of the inversion method, in order to have 
an efficient result, the interpreter should apply geological properties of the 
expected causative mass/masses, and also consider the geometrical features of 
the main target. After inversion, it is inevitable to see a density concentration 
close to the surface due to the fact that gravity is inversely proportional to the 
depth. Since gravity field and resolution decrease with the depth of the target, 
during the inversion process, the model weighting must be applied in order to 
produce a correct result.  
In summary, we can schematically describe the forward and inverse 
problems as shown below. 
Forward modeling problem; 
model (m)  →  data (d) 
Inverse problem;  
data (d) →  model (m)  
In equation (2.36), the gravity inversion is reduced to the solution of a 
linear matrix equation. This inverse problem is ill posed, i.e., the solution can be 
nonunique and unstable. To solve such a problem, one needs to use the 
regularization theory (Tikhonov and Arsenin, 1977; Zhdanov, 2002). In 
conventional way, one substitutes the solution of the linear inverse problem (2.8) 
with the minimization of the Tikhonov parametric functional: 
  





where the misfit functional, 𝜙(𝒎), is specified as: 
 




The stabilizer is selected to be minimum norm functional: 
 
 





where 𝑾𝒎 and 𝑾𝒅 are model weighting and data weighting matrices, 
respectively. The minimization problem (3.1) can be solved using the regularized 
conjugate gradient (RCG) method (Zhdanov, 2002). 
 
3.1.1. Regularized Conjugate Gradient Method (RCGM) 
The minimization problem (2.9) can be solved using the regularized 
conjugate gradient method. The RCG method is formed by the following iterative 
process (Zhdanov, 2002). 
 
 𝒎𝒏+𝟏 = 𝒎𝒏 + 𝜹𝒎 = 𝒎𝒏 − 𝒌𝒏
𝜶?̃?𝛼(𝒎𝒏).  (3.4) 
 
The conjugate gradient directions ?̃?𝜶(?̂?𝒏 ) are selected as follows. In the initial 





𝟐(𝑨(𝒎𝟎) − 𝒅) + 𝛼𝑾𝒎













In the next step, the “direction” of ascent is defined as a linear combination 
of the regularized steepest ascent in this step and the “direction” of ascent ?̃?(𝒎𝟎) 
in the previous step:  
 




In the (𝑛 + 1) step: 
 
 ?̃?𝛼(𝒎𝒏) = 𝑰
𝜶(𝒎𝒏+𝟏) + 𝛽𝑛+1
𝛼 ?̃?𝛼(𝒎𝒏), (3.8) 
 
where the regularized steepest ascent directions are determined now according 
to the formula: 
 
 𝑰𝛼(𝒎𝒏) = 𝑭𝒎𝒏𝑾𝒅
𝟐(𝑨(𝒎𝒏) − 𝒅) + 𝛼𝑾𝒎
𝟐 (𝒎𝒏 − 𝒎𝒂𝒑𝒓). (3.9) 
 









The step length of each iteration, the coefficient 𝑘𝑛
𝛼, can be determined with a 













One can use a parabolic line search also (Zhdanov, 2002) to improve the 
convergence rate of the RCG method. The conjugate gradient (CG) method 
requires that vectors ?̃?𝛼(𝒎𝒏), introduced above, will be mutually conjugated. This 
requirement is fulfilled if the coefficients 𝛽𝑛









2  . 
(3.12) 
 
Using equations (3.1) to (3.12), one can obtain 𝒎 iteratively. It is called 
regularized conjugate gradient optimization (Zhdanov, 2002). 
Here I present two different ways to decrease the regularization 
parameter, 𝛼, adaptively for the depth-to-basement estimation and three-
dimensional anomalous density distribution, respectively. 
The regularization parameter for the depth-to-basement estimation can be 











where initial regularization parameter 𝛼0 = 0. For iteration 𝑛: 
 
 𝛼𝑛 = 𝑞𝑐𝛼𝑛−1 ,      0 < 𝑞𝑐 < 1 (3.14) 
 




𝛼𝑛−1, 𝛾 ≤ 1
𝛼𝑛−1
𝛾
, 𝛾 > 1 , 
(3.15) 
 









The regularization parameter for the anomalous density distribution can be 







2  , 
(3.17) 
 
where initial regularization parameter 𝛼0 = 0. For iteration 𝑛: 
 
 𝛼𝑛 = 𝑞𝑐




The algorithm of the RCG method can be summarized as follows: 
 
 𝒓𝒏 = 𝑾𝒅(𝑨(𝒎𝒏) − 𝒅𝒐𝒃𝒔) ,     





𝜶𝒏 = 𝒍𝜶𝒏(𝒎𝒏) = 𝑭𝒎𝒏






𝜶 ||𝟐,            
 Ǐ𝒏
𝜶 = 𝒍𝒏
𝜶 +  𝜷𝒏
𝜶Ǐ𝒏−𝟏
𝜶  , Ǐ𝟎
𝜶 = 𝒍𝟎











,    











, ,       𝛼𝑛−1 = 𝛼1 ∗ (𝑞𝑐)
𝑖𝑡𝑒𝑟−2,       𝛼0 = 0 
 
 𝛼𝑛 = {
𝛼𝑛−1, 𝛾 ≤ 1
𝛼𝑛−1
𝛾
, 𝛾 > 1  
 




𝛼1 = ||𝑨(𝒎𝒏) − 𝒅𝒐𝒃𝒔||
𝟐/||𝒎𝒏 − 𝒎𝒂𝒑𝒓||
𝟐 ,       𝛼𝑛−1 = 𝛼1 ∗ (𝑞𝑐)
𝑖𝑡𝑒𝑟−2,       𝛼0 = 0 
 
3.1.2. Constrained and Reweighted Regularized Conjugate Gradient Method 
Due to nonuniqueness of the gravity inverse problem, the inversion results 
may contain some artificial numbers, which are not consistent with the true 
model. Also, the inversion process can produce results with poor depth 
resolution. To overcome these difficulties, I have applied Minimum Support (MS) 
stabilizer and solved the problem in logarithmic space to constrain the inversion 
in order to produce more compact and reasonable results. 
During surveys, it is possible to have a priori estimation that the model 
parameters exist within some intervals (Zhdanov, 2015): 
 
 𝑚𝑖
− ≤ 𝑚𝑖 ≤ 𝑚𝑖





+ are lower and upper boundaries of the model parameters. 
However, in a general case, the inversion process may produce the model 
parameters outside of these intervals. By transforming the model parameters, 𝒎, 
into a space of parameters, 𝒎,̃ so that the scalar components of original 𝒎 
always remain within the interval, we can enforce the above constrains in the 
solutions. A conventional way to solve this problem is to apply a logarithmic 
space of model parameters by introducing: 
 
 𝑚𝑖 = ln((𝑚𝑖 − 𝑚𝑖
−)/(𝑚𝑖
+ − 𝑚𝑖))  = ln(𝑚𝑖 − 𝑚𝑖
−) − ln(𝑚𝑖
+ − 𝑚𝑖). (3.20) 
25 
 
in matrix notations: 
 
 ?̃? = 𝐥𝐧(𝒎 − 𝒎 
−) − 𝐥𝐧(𝒎 
+ − 𝒎 ), (3.21) 
 
where 𝒎 
− and 𝒎 
+ are column vectors having the same length. 
Inverse transform of the model parameters in matrix notation is: 
 
 𝒎 = (?̂? + exp(?̂̃?))
−𝟏
(𝒎− + 𝑒𝑥𝑝(?̂̃?)𝒎+), (3.22) 
 
where ?̂̃? is a diagonal matrix of parameters. In this case, Frechet matrix will also 
change in a following form: 
 




In order to produce a focused inversion result with sharp boundaries at the 
edges, I have used a focusing minimum support stabilizer (Zhdanov, 2002, 
2015). 
To update the minimum support functional, I used weighting matrix,  𝑊?̃?: 
 
 
 𝑾?̃? = 𝑑𝑖𝑎𝑔 [(?̃?
2 + 𝑒2)
1





3.2. Inversion of Gravity Data Based on  
Cauchy-type Integral Representation 
In this thesis, I have developed an algorithm and conducted inversion of 
gravity data, 𝑔𝑧, using 3D Cauchy-type integral representation. The analytical 
solution for the vertical component of the gravity field is shown in equation (2.30). 




























By taking a derivative of equation (3.25) with respect to h, one can find the 
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By substituting equation (3.29) into (3.27), one can arrive at the following 
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4.1. Depth-to-Basement Estimation 
I have tested the developed method of the depth-to-basement estimation 
based on the Cauchy-type integral using several different synthetic models. For 
all models, I considered the same size of the modeling domain, the cell size, the 
density contrast, and the depth to the top boundary of the basin, 𝐻0. The results 
mostly correspond well to the true model. I used the Bouguer slab formula to 
calculate an initial model for the inversion in order to start with the lower misfit at 
the first iteration. It is defined by the following formula: 
 
 ℎ𝑖𝑛𝑖𝑡𝑖𝑎𝑙(𝑥, 𝑦) = 2𝜋𝐺∆𝜌𝑔𝑧(𝑟
′) (4.1) 
 
where 𝐺 is gravitational constant (6.672𝑥10−11𝑚3𝑘𝑔−1𝑠−2), ∆𝜌 is density 
contrast, and ℎ(𝑥, 𝑦) is thickness of slab at different locations. Based on the 
inversion results for synthetic models, the behavior of inversion was analyzed in 
order to select the optimal workflow for the real data study. 
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4.1.1. Model 1: A Simple Basin Model 
4.1.1.1. Description of Model 1 
Model 1 is shown in Figure 5. The deepest part of the basin reaches down 
to 490 m, and shallowest part gets close to 0. The density contrast is chosen to 
be  0.4 gr/cm3, and the cell size is 100 m*100 m in the x and y directions, 
respectively. The observations were made 30 m above the ground at the point 
with the spacing of 100 m in the x and y directions. The forward modeling was 
done based on the Cauchy-type integral representation. A noise-free vertical 
component of the gravity field (𝐺𝑧 in mGal) is shown in Figure 6. 
 
4.1.1.2. Inversion Result 
The inversion domain was divided into the same number and size of cells 
that were used to compute the gravity data. The inversion was run on a personal 
computer (Intel Core i5, 4G RAM, 2.67GHz). The tolerance for inversion was 
fixed to be 0.5%. The misfit reached this level at the 7th iteration. The relative 
misfit value versus iteration number is plotted in Figure 7. Applying Bouguer slab 
formula (4.1) to create an initial model based on the observed data set helps 
inversion to begin with a relative misfit as low as 20% for the 1st iteration. 
A 3D inversion result is shown in Figure 8. There is also a plot of cross 
section over the center of the true model and of the inversion result. The 
inversion result fits very well to the true model as is seen in Figure 9. The 
inversion was able to recover the shallower parts of the model very well; 
however, the deepest part and edges of the model are not recovered well 
30 
 
enough due to decrease to sensitivity of potential data with depth. At the edges, 
we observe a typical effect of ambiguity of the inversion result because the 
inversion assigns zero “0” values to the area outside of the observation domain, 
which forces the inversion to fit the data by adding additional masses at the 
edges. For the deepest part, by fixing the maximum thickness of the sediment 
deposit, we can produce a better result and the sharper boundaries.  
 
4.1.2. Model 2: A Complex Basin Model 
In a real situation, the basin may have a more complex geology than one 
considered above. In order to address this issue, I have built Model 2 with 
multiple deeps to estimate the depth-to-basement relief.  
 
4.1.2.1. Description of Model 2 
Model 2 has two major deeps that have the same orientation in the y axis 
but different in the x axis. The eastern part of the basin model is deeper than the 
western part; however, they have the same surface area in the x-y plane view. 
This would help us to see how the method will treat a deeper part of the basin 
where the extensional zones may occur (Bottrill et al., 2012).  
Figure 10 shows a true complex basin model. The deeper part of the basin 
model reaches down to 300 m, and the lowest part get close to the surface 
upward. A sediment deposition is set to have a density contrast of   0.4 g/cm3 . 
The top of the basin reaches up to the surface of the Earth. 
 A noise-free vertical gravity field for Model 2 was computed using the 
Cauchy-type integral, and the result was plotted in Figure 11. The observation 
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points were located at 30 m above the surface of the Earth with 100 m spacing in 
the x and y directions.  As it is expected, the deeper part has the lowest 𝐺𝑧 value 
since it has the thickest sediment deposition. 
 
4.1.2.2. Inversion Result 
Iterative inversion of the gravity data for the complex basin Model 2 took 
eight iterations to reach the relative misfit level of 1% (see Figure 12). The first 
iteration started with a misfit of ~17 % thanks to a proper initial model created by 
Bouguer slab formula (4.1).  
Since the top of the basin is located at the surface of the Earth, the 
inversion produces sharp edges in order to fit the data with the given initial 
parameters (see Figure 13).  A plot of cross sections along the y axis is displayed 
in Figure 14. According to this plot, one can see that the shallower part of the 
model is fitted better than the deep one. As it was mentioned above, this is 
caused by a decrease of the sensitivity of the gravity field data with depth.  
 
4.1.3. Model 3: Complex Basin Model with Poor Data Coverage 
I have formed a new model, which does not have good data coverage for 
the deepest part of the basin. This Model 3 should show how the depth-to-
basement estimation method based on the Cauchy-type integral performs in the 
situation typical for the field measurements, where the observation points may 




4.1.3.1. Description of Model 3 
A 3D view of basin Model 3 is shown in Figure 15. The basin has an 
unclosed contour of the surface on the east side, where the basin has the 
deepest part. The density contrast of sediment deposit is of   0.4 g/cm3. The 
deepest part of the basin goes down to 250 m in the z direction.  The shallower 
part of the basin reaches the Earth’s surface. The synthetic observed data 
computed using the Cauchy-type integral is displayed in Figure 16. In the 
numerical experiment, I have only considered a part of the data within a 
rectangle area shown in Figure 17.  
 
4.1.3.2. Inversion Result 
I ran the information for the data point located within the white rectangle 
shown in Figure 17. For this particular synthetic study, the relative misfit was set 
to 0.035 for termination of the iterative inversion (see Figure 18).  The inversion 
results are shown in Figures 19 and Figure 20. One can see that the depth to the 
basement was well recovered where the data coverage is good; however, the 
inversion did not produce a good result for the part of the basin where data 
coverage is poor. In such scenarios, a plot of absolute differences between the 
observed and predicted data may help the interpreter to define a reliable target 






4.2. Volume Density Inversion 
In this section, I will present the results of conventional volume density 
inversion using reweighted regularized conjugate gradient (CRRCG) method.  
 
4.2.1. A single-block Model 
4.2.1.1. Description of Model 4 
For a single-block model, a block is located at different depths and has 
different sizes (see Figure 21 and 22). The block is divided into rectangular cells 
with constant anomalous density. Figure 23 presents the synthetic observed 
vertical gravity field data. The observation points are located above ground at 30 
m and observation spacing in x and y direction is 100 m evenly. 
 
4.2.1.2. Inversion Result 
I have tested the developed inversion algorithms based on CRRCG and 
RCG methods. Results are shown at the end of the chapter. 
4.2.1.2.1. Inversion without constraints and focusing. Figures 24 and 25 
show the inversion results for Model 4. The iterative inversion was terminated at 
the 33th iteration when the misfit reached 1 %. Figure 25 presents the Horizontal 
(top panel) and vertical (bottom panel) cross sections of the inversion results.  
However, the inverse model is dispersed at the bottom of the domain due to 
decrease of the sensitivity of the gravity field with the depth. 
4.2.1.2.2. Inversion with constraints and focusing. In the second set of 
numerical experiments for the Model 4, we set the density constraints, 
boundaries of the logarithmic space transformation, to be symmetric, e.g., 
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1𝑔/𝑐𝑚3 ≤ 𝑚𝑖 ≤ 1𝑔/𝑐𝑚
3.  Figure 26 presents the plots of the relative misfit, 
parametric functional, and stabilizer versus the iteration number, observed 
gravity field, and predicted gravity field data for constrained and focused 
inversion. The results of the constrained and focusing (reweighted) inversion 
shown in Figure 27 demonstrate that the algorithm is capable of recovering the 
true model location and the anomalous density distribution well.  
I have also tested the CRRCG and RCG methods for shallower block 
Model 5 and 6 to compare the results with true model properties. The inversion 
used the same parameters (inversion domain, cell size, and observation spacing) 
as for Model 4. In Figure 28, I demonstrated results for single-body buried model 
studies. For single-body study with CRRCG method, as the anomalous block 
gets closer to the surface, it takes more iterations to reach termination criteria; 
however, inversion produces results closer to the true model, and the location of 
the anomalous body gets easier to identify (Figure 28, top-right and bottom-right). 
In Figure 28, inversion results with RCG method are shown on the left; results 
with CRRCG method are on the right side. One can see that with constrained 
inversion, it is more efficient to locate a shallower and deeper body that is denser 
around the center. 
I have also tested constrained and focused inversion with a non-zeros 
background model (Model 7). The location of the anomalous body is shown in 
Figure 29. The depths to the top and bottom of the block are 100 m and 1100 m, 
respectively, and it has a density of 1 g/cm3. The homogeneous background half 
space has a density of 0.4 g/cm3. 
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Inversion domain has a size of 5700 m x 5700 m x 2700 m in x, y, and z 
directions, respectively. Cell size for inversion is set to be 100 m x 100 m x 100 
m. Inversion result is shown in Figure 30. Inversion results demonstrate that the 
constrained and focused inversion algorithm is capable of recovering the depth of 
the true model with concentrated model parameters at the center of the 
anomalous body (see Figure 30, bottom-left). 
I have also tested the constrained and focused inversion approach for 
Model 8 with a basement-like structure (see Figure 31). Inversion result is 
demonstrated in Figure 32. From the results (see Figure 32), it is clear that 
constrained and focused inversion produced 3D density distribution where the 
anomalous body location is matched with the true model location. Also, inversion 
was capable of recovering a basement-like part that is consistent with the true 
model location. 
 
4.2.2. A Two-block Model 
In this part, I have inverted the gravity data for Model 9 consisting of two 
blocks placed at different depths, where both bodies have the same size and 
anomalous density. 
 
4.2.2.1. Description of Model 9 
Model 9 consists of two blocks. These blocks are placed at different 
depths, as shown in Figures 33-34, with an anomalous density of 1.0 g/cm3. The 
observed vertical gravity field data are displayed in Figure 35.  
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4.2.2.2. Inversion Result 
I have tested the developed inversion algorithms based on CRRCG and 
RCG methods to compare the results with the true model parameters. 
4.2.2.2.1. Inversion without constraints and focusing. As for Model 4, I first 
applied the unconstrained and unfocused inversion algorithm. The result is 
shown in Figures 36 and 37. One can see that inversion with RCG method was 
capable of finding the true models’ locations with 60% true density recovery; 
however, there is still a problem with detection of the bottom part of the 
anomalous bodies (see Figure 37). 
4.2.2.2.2. Inversion with constraints and focusing. In the second set of 
numerical experiments for Model 9, we set the density constraints, boundaries of 
the logarithmic space transformation, to be symmetric, e.g., −1
𝑔
𝑐𝑚3




Figure 38 presents the plots of the relative misfit, parametric functional, and 
stabilizer versus the iteration number, observed gravity field, and predicted 
gravity field data for constrained and focused inversion. The results of the 
constrained and focusing (reweighted) inversion, shown in Figure 39, 
demonstrate that the algorithm is capable of recovering the true model location 
and the anomalous density distribution, especially with the inverse model of the 













































Figure 8:  Model 1: Inversion result. 
 


















































Figure 9: Model 1: Cross sections of the true model and the inversion result. 
 
 
Figure 10: Model 2 of the sediment-basement interface with two dips. 






































































































































































Figure 17: Model 3: Observed gravity field data with a white dashed rectangle 




Figure 18: Model 3: Relative misfit values versus iteration number. 




























































































Figure 24: Model 4: Relative misfit, parametric functional, and stabilizer versus 
the iteration number (top panel), observed gravity field (middle panel), and 
predicted gravity field (bottom panel) for unconstrained and unfocused inversion. 








































































Figure 25: Model 4: Horizontal (top panel) and vertical (bottom panel) cross 
sections of the inversion result for unconstrained and unfocused inversion. A blue 
rectangle shows the true model with the density contrast of 1.0 𝑔/𝑐𝑚3. 
 
 















































Figure 26:  Model 4: Relative misfit, parametric functional, and stabilizer versus 
the iteration number (top panel), observed gravity field (middle panel), and 
predicted gravity field (bottom panel) for constrained and focused inversion. 








































































Figure 27: Model 4: Horizontal (top panel) and vertical (bottom panel) cross 
sections of the inversion results for constrained and focused inversion. A blue 
rectangle shows the true model with the density contrast of 1.0 𝑔/𝑐𝑚3. 
 
 









































Figure 28: Models 5 (top panels) and 6 (bottom panels): A blue rectangle shows 
the true model with the density contrast of 1.0 𝑔/𝑐𝑚3. The results of 
unconstrained and unfocused inversion are shown on the left, while the inverse 





Figure 29: Model 7: Left panels show the horizontal and vertical sections of the 
anomalous body placed within a homogenous half space with a density 
of −0.4 𝑔/𝑐. A black dashed line is the location of the profile for the vertical cross 






Figure 30: Model 7: The left panels show the vertical sections for the inversion 
results; the top panel presents the unconstrained and unfocused inversion, while 
the bottom panel shows the constrained and focused result. The corresponding 
plots of the relative misfit, parametric functional, and stabilizer versus the 









Figure 32: Model 8: Relative misfit, parametric functional, and stabilizer versus 
the iteration number (top left panel) and the observed gravity field (top right 
panel.  The bottom panel shows a vertical section of the inversion result taken 









Figure 34: Model 9:  Vertical section. 
 
 





































Figure 36:  Model 9: Relative misfit, parametric functional, and stabilizer versus 
the iteration number (top panel), observed gravity field (middle panel), and 
predicted gravity field (bottom panel) for unconstrained and unfocused inversion. 










































































Figure 37:  Model 9: Horizontal (top panel) and vertical (bottom panel) cross 
sections of the inversion result for unconstrained and unfocused inversion. Two 
blue rectangles show the true location of the blocks with the density contrast 
of 1.0 𝑔/𝑐𝑚3. 
 
 
















































Figure 38: Model 9: Relative misfit, parametric functional, and stabilizer versus 
the iteration number (top panel), observed gravity field (middle panel), and 
predicted gravity field (bottom panel) for constrained and focused inversion.  










































































Figure 39: Model 9: Horizontal (top panel) and vertical (bottom panel) cross 
sections of the inversion results for constrained and focused inversion. Two blue 

















































 CHAPTER 5 
 
CASE STUDY: SURPRISE VALLEY (NE CALIFORNIA/NW NEVADA) 
 
5.1. Geography 
Surprise Valley is located in northeastern California and western Nevada. 
The valley extends in the north-south direction for about 50 miles, and in the 
east-west direction up to 12 miles. The elevation ranges up to 4,500 feet at the 
highest point (see Figure 40). Surprise Valley is geographically separated into 
three parts, Upper Lake, Middle Lake, and Lower Lake. 
 
5.2. Geology 
Surprise Valley is generally bounded by Warner Range to the west and 
Hays Canyon Range to the east. The area has also been marked by Surprise 
Valley Fault (SVF) and Hays Canyon Fault (HCF) to the west and east, 
respectively. A full graben is created by Hays Canyon Fault on the western 
margin of the valley. SVF is the most prominent structure in the area, and it has a 
vertical displacement up to 5,000 feet on the east side of Warner Range. The 
other noticeable feature within the valley is Lake City Fault (LCF), which begins 
from the northwestern margin to southeastern margin of the valley. The area 
between Warner Range and Hays Canyon range marks a transition from an 
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extensional Basin and Range to an extensional Modoc Plateau (Ponceet al., 
2009). Since the study by Hedel (1984) the area became a subject of geological 
and geophysical investigations due to its potential and complex geological 
settings (e.g., Lerch et al., 2006; Glen et al., 2008; Egger et al., 2009; 2014; and 
Lerch et al., 2009). 
In this study, I have used the isostatic gravity data with the removed 
regional effect to determine the anomalous density distribution in the subsurface 
of the valley. Both the unconstrained inversion and constrained inversion with 
focusing were used to compare the results. 
I have also used the same gravity field data to estimate the depth of the 
basin using the Cauchy-type integral method (Cai and Zhdanov, 2014). The 
results were compared with other studies, such as Egger et al. (2009a; 2009b 
2010), Lerch et al. (2007), and Colgan et al. (2008). However, neither of the cited 
papers presents a clear depth to the basement for either a part of or the entire 
valley. There were several attempts to solve the depth-to-basement estimation 
problems using a conventional volume discretization method over decades. 
However, with the conventional method, one needs to divide the subsurface into 
many small prisms which requires significant computational resources and time. 
Thanks to the advanced depth-to-basement estimation method based on the 
Cauchy-type integral introduced by Cai and Zhdanov (2014), this 3D problem can 





5.3. Geophysical Properties 
5.3.1. Rock Samples 
Rock samples were collected by USGS with geographic coordinates 
(NAD27). Additional rock samples were taken from a drill-hole drilled by AMP 
Resources. The samples from the drilling hole indicate many intrusive volcanic 
dense formations in the subsurface of the valley (Ponce et al., 2009).  The 
density of the rock samples on the surface around the area were taken into 
account for basement outcrop interpretation (see Figure 41).  Note that, due to 
the presence of intrusive volcanic rocks, seismic data were not able to provide a 
clear picture of the sediment-basement interface (Egger et al., 2010). 
 
5.3.2. Gravity Data 
The gravity survey was conducted by using a LaCoste and Romberg 
gravimeter G614 and a Scintrex CG-5 gravimeter. The total number of the data 
point was 3,784 (Figure 42). All required gravity corrections were applied, 
including: (a) Earth-tide correction, which corrects for the tidal effects of the moon 
and sun; (b) instrument-drift correction, which compensates for the drift in the 
instrument’s spring; (c) latitude correction, which accounts for the variation of the 
Earth’s gravity field with latitude; (d) free-air correction, which accounts for the 
variation in gravity due to elevation relative to the sea level; (e) Bouguer 
correction, which corrects for the attraction of material between the station and 
the sea level; (f) curvature correction, which corrects the Bouguer correction for 
the effect of the Earth’s curvature; (g) terrain correction, which removes the effect 
of topography to a radial distance of 167 km around the station; and (h) isostatic 
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correction, which removes long-wavelength variations in the gravity field related 
to the compensation of topographic loads (Credit: USGS, Ponce et al., 2009). 
 
5.4. Inversion for the Basement Using Cauchy-type Integral Method 
5.4.1. Data Processing 
In this part, I use gravity field data to estimate the thickness of the basin 
using the depth-to-basement estimation method based on the Cauchy-type 
integral (Cai and Zhdanov, 2014).    According to USGS, the central part of the 
valley, filled with the low-density alluvial and volcanic deposits, has the depth of 
approximately 1.5 km corresponding to 20 mGal gravity with 0.4 g/cm3 density 
contrast (Ponce et al., 2009). Egger et al. (2010) used seismic and potential field 
data to define subsurface geology of the upper part of Surprise Valley. According 
to their forward modeling, they could reach a depth of approximately 1.5 km 
(Egger et al., 2010). In addition to these papers, another study from Egger et al. 
(2009) stated that ray-trace modeling of direct and refracted arrivals confirmed 
1.5 km depth of basin. 
For the depth-to-basement estimation, isostatic gravity data were used 
(Bonini, 1965), because isostatic gravity data represent changes in the crust 
only. However, isostatic gravity data may still carry some gravity effect from the 
basement at high elevation due to uplifting. In such cases, it is suggested to 
subtract an isostatic basement component from the total isostatic gravity data. I 
have used a number of observation stations located in the points that can be 
interpreted to be the basement outcrops, where I assume that the gravity values 
represent the effect of the basement only. After this step, a residual isostatic 
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gravity map shows the gravity field caused by sediment deposits over the 
basement only. 
Figure 43 presents the isostatic map with regional effect, while Figure 44 
represents the isostatic effect from the basement. The regional field is plotted 
using some observation stations located on the basement’s outcrops.  
 
5.4.2. Inversion Results 
I have applied the depth-to-basement estimation algorithm to the gravity 
data collected over a selected area shown by a black rectangle over the isostatic 
gravity map. The map of the basin of the isostatic gravity field over the target 
area is shown over the topographic map. The inversion domain was divided into 
the vertical prisms with a horizontal size of 500 m x 500 m in the x and y 
directions and a density contrast of 0.4g/cm3. The inversion was terminated 
when the elative misfit reached 5 %. I could try to run the inversion to a lower 
misfit level; however, artificial effect could be generated in that case due to poor 
data coverage in the northwest and southeast parts of the study area.  The map 
of the observe gravity data, relative misfit versus iteration number, and the 
predicted gravity data is shown in Figure 45, 46, and 47, respectively.  
Figure 48 presents the inversion result obtained using the depth-to-
basement estimation based on the Cauchy-type integral, and Figure 49 presents 
a map of absolute differences between the observed and predicted data. Due to 
poor data coverage in the sides on the inversion domain, one can see an 
increase in the difference values on the edges. Thus, one needs to define the 
65 
 
area where we can expect a more reliable inversion result. This area is outlined 
by the red rectangle in Figure 49.  
In Figure 50, I present the results of interpretation of the depth to the 
basement produced from seismic and gravity data by Egger et al. (2010) over the 
seismic cross section, which corresponds to the green profile limited by a white 
rectangle in Figure 51. The dashed line shows the limit of the reversed ray 
coverage (after Egger et al., 2010). The red line represents the depth to the 
basement interpreted based on seismic data. The green line shows the inversion 
result obtained using the depth-to-basement estimation based on the Cauchy-
type integral. 
Figure 52 presents vertical cross sections of the recovered depth to the 
basement taken along three profiles indicated by black, green, and white lines in 
the inversion result, respectively. In the area indicated by a red rectangle, the 
middle profile with the maximum depth of 2000 m perfectly matches the cross 
section produced by the joint seismic-gravity interpretation result from Egger et 
al. (2010). 
 
5.5. Inversion for 3D Subsurface Density Distribution  
Using the Volume Integral Method 
I have applied the 3D inversion method based on the volume integrals to 
the same basin isostatic data, which were used for the depth-to-basement 
inversion. The inversion domain was divided into cells that have size of 500 m x 
500 m x 500 m in the x, y, and z directions, respectively. As it was demonstrated 
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by the model study, it is critical to use the constrained and focused inversion in 
order to produce the image of the sediment-basement interface. Therefore, I 
have applied the constrained and focused inversion code to the observed basin 
isostatic data. 
Figure 53 presents a plot of the relative misfit vs. the iteration number. The 
inversion was terminated when the elative misfit reached 5 %. The density model 
obtained by this inversion is shown in Figures 54 and 55. From inversion results, 
it is clear that inversion was able to recover a basement reasonably enough. In 
the west part of the basin, the basement part is clearly displayed with dark brown 
color; however, the east part of the inversion result is produced with deeper 
structure with less dense formation relative to the west. In order to make further 
interpretation for the result, I will compare density distribution with depth-to-
basement estimation results obtained by the method based on the Cauchy-type 
integral. The top section in Figure 56 shows some anomalous structures below 
the estimated surface of the basin, which may be related to the internal blocky 
structure of the basement. In order to conduct this comparison, I have 
superimposed the vertical sections of inverse models produced by both methods 
along the profiles shown in Figure 56. It is important to compare these results 
jointly with the known geology to better define the possible structure of the 
sediment-basement interface.  The vertical sections along these three profiles 
are shown in Figure 57. The yellow arrows indicate outcropping of the basement 
on the ground. The solid black lines show the sediment-basement interface 
determined by the surface Cauchy-type integral method. One can see that the 
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volume density distribution is well consistent with the results from the Cauchy-
type integral method.  
The inversion results are relatively consistent with the known geology. 
Indeed, both methods (Figure 57) show basement outcrops at the same locations 
on the ground, where they are present according to known geology (indicated by 
the yellow arrows). 
 
 
Figure 40: Topographic elevation in Surprise Valley and adjacent areas. The 
black dots show the locations of the rock samples, red stars indicate the drill-hole 
LCSH-05 location. The black rectangular indicates the area of interest for depth-
to-basement estimation. 





























          
Figure 41: Topographic map (after Egger et al., 2009) with basement outcrops 
indicated with red areas interpreted based on rock samples, elevation, and 
gravity values at observation points. 







Figure 42: Topographic map of the area with observation points. The red dots 
indicate the location of the observation points from the previous studies, and 
black ones show the new gravity stations produced by USGS recently (after 
Egger et al., 2009). 
 







Figure 43: Map of the total isostatic gravity field in Surprise Valley. The black and 
white dots show the observation points, where white dots indicate the stations 
located at the basement outcrops. 






























Figure 44: Map of the basement part isostatic gravity field in Surprise Valley. The 
black and white dots show the observation points, where white dots indicate the 



































Figure 45: The map of the basin isostatic gravity field over the target area. The 




Figure 46: Plot of the relative misfit vs. the iteration number. 






















Figure 48: Map of the depth to the basement, obtained using the inversion 






































































Figure 49: Map of absolute differences between the observed and predicted 




Figure 50: A seismic cross section along a profile. The dashed line shows the 
limit of the reversed ray coverage (after Egger et al., 2010). The red line 
represents the depth to the basement interpreted based on seismic data for this 
thesis. The green line shows the inversion result obtained using the depth-to-



















































Figure 51: Map of the depth to the basement, obtained using the inversion 
method based on the Cauchy-type integral. Horizontal lines show three profiles 




Figure 52:  Vertical cross sections of the recovered depth to the basement taken 






























































































Figure 53:  Plot of the relative misfit vs. the iteration number for the volume 
integral inversion. 
 
     
Figure 54:  Horizontal sections at different depths of the inverse model obtained 









Figure 56: Map of the depth to the basement, obtained using the inversion 
method based on the Cauchy-type integral. The horizontal lines show three 






































































































Figure 57: Vertical sections of the inverse density model produced by the volume 
integral method along three profiles shown in Figure 57.   The yellow arrows 
indicate outcropping of the basement on the ground. The black arrows represent 
the orientation of possible faulting/basement relief. The solid black lines show the 











I have developed the inversion algorithm and code for 3D inversion of the 
gravity data with the physical constrained and image focusing. In order to impose 
the constrained on the density distributions, I have applied the logarithmic space 
transformation with symmetric boundaries that are defined based on known 
geology. I have also applied focusing stabilizer to force the inversion to produce 
a more compact and focused results. The constrained and focusing inversion 
algorithm has been tested on variety of models, which demonstrated its 
efficiency.  
I have also implemented the algorithm for the depth-to-basement 
estimation based on the surface Cauchy-type integral. This algorithm makes it 
possible to reduce the computational resources required for gravity inversion 
significantly.  
I have tested this algorithm for different geological scenarios.  It was 
demonstrated by the results of synthetic studies that the approach based on the 
Cauchy-type integral is capable of producing the results that are consistent with 
the true model of the sediment-basin interface. I have also tested the method on 
a model with poor data coverage in order to examine the performance of the 
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method in the situation, typical for real field data. It was shown that the method 
based on the Cauchy-type integral was able to recover the depth of sediment 
deposition for the models with the limited data coverage, but in this case, the 
termination criteria for misfit value must be adjusted accordingly to avoid 
producing the artificial effects.  
Finally, I have used a real data set from USGS to invert for 3D depth of 
the basement and for the anomalous density distribution and compared the 
results with the published data. Both inversion algorithms applied to the observed 
gravity data produced a similar result consistent with known geology. However, 
the method based on the Cauchy-type surface integrals produced a clearer 
boundary between the sediments and the basements. At the same time, the 
method based on the volume integral was able to generate the image of the 
internal blocky structure of the basement.  
Based on this study, I recommend a joint interpretation of the gravity data 
using both surface and volume integral approach because they may provide 
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